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Increasing portion sizes over the last 30 years are considered to be one of the factors underlying over-
consumption. Past research on the drivers of portion selection for foods showed that larger portions are
selected for foods delivering low expected satiation. However, the respective contribution of expected
satiation vs. two other potential drivers of portion size selection, i.e. perceived healthfulness and ex-
pected tastiness, has never been explored. In this study, we conjointly explored the role of expected
satiation, perceived healthfulness and expected tastiness when selecting portions within a range of six
commercial pizzas varying in their toppings and brands. For each product, 63 pizza consumers selected a
portion size that would satisfy them for lunch and scored their expected satiation, perceived health-
fulness and expected tastiness. As six participants selected an entire pizza as ideal portion independently
of topping or brand, their data sets were not considered in the data analyses completed on responses
from 57 participants. Hierarchical multiple regression analyses showed that portion size variance was
predicted by perceived healthiness and expected tastiness variables. Two sub-groups of participants with
different portion size patterns across pizzas were identiﬁed through post-hoc exploratory analysis. The
explanatory power of the regression model was signiﬁcantly improved by adding interaction terms
between sub-group and expected satiation variables and between sub-group and perceived healthful-
ness variables to the model. Analysis at a sub-group level showed either positive or negative association
between portion size and expected satiation depending on sub-groups. For one group, portion size se-
lection was more health-driven and for the other, more hedonic-driven. These results showed that even
when considering a well-liked product category, perceived healthfulness can be an important factor
inﬂuencing portion size decision.
© 2016 Nestec S.A. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The prevalence of obesity among youth and adult populations
has dramatically increased over the past decades (Ogden, Carroll,
Kit, & Flegal, 2014). Although a causal link has not yet been
established (Livingstone & Pourshahidi, 2014), an increase in food
portion sizes has been associated with this increased prevalence of
overweight (Young & Nestle, 2012). As 92% of self-served food is
eaten (Wansink & Johnson, 2015), understanding the mechanisms
behind portion selection could help to promote nutritionally
responsible consumption.bbe).
td. This is an open access article unSeveral factors that may impact portion selectionwere classiﬁed
into three categories by English, Lasschuijt, and Keller (2015): the
food environment (e.g., package size, plate size, social inﬂuences),
food-related characteristics (e.g., food shape, palatability, energy
density) and individual characteristics (e.g., oral eating behavior,
weight status, age).
In addition to these characteristics, some consumer beliefs
about the foods have also been shown to impact portion size choice.
First, the higher the satiation the food is expected to deliver, the
lower the self-selected portion size (Brunstrom & Rogers, 2009;
Brunstrom & Shakeshaft, 2009). Expected satiation for food is
thought to result from associative learning between the food's
sensory properties, mainly the visual cues, and the remembered
satiation after eating (Brunstrom, 2007; Higgs, 2008). Expected
liking was also shown to be a predictor of portion size (Brogden &der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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be selected in larger portions (Faulkner et al., 2014), presumably
because those foods are assumed by consumers to be lower in
energy density and hence could be eaten in larger quantities
(Wansink & Chandon, 2006). Besides, it has been shown in a series
of four experiments that US participants believed that unhealthy
foods are tastier leading to reduced expected tastiness for foods
perceived to be healthier (Raghunathan, Naylor, & Hoyer, 2006). A
recent review discussing the ambivalence attitude toward health-
fulness and hedonic-related food choices suggests that individuals
considering dietary longer-term health consequences can better
resist palatable food cues when making food choices (Higgs, 2016).
The impact of expected satiation, expected liking and perceived
healthfulness on self-selected portion size has never been studied
conjointly within a single product category. In this context, the
objective of this work was to assess the relative contribution of
expected satiation of perceived healthfulness and expected tasti-
ness to self-selected portion size within a range of commercial
frozen pizzas. We chose this product category to test our hypothesis
because it is of interest from a public health perspective to un-
derstand portion size motivational drivers for one of the most
popular meals available worldwide (Masset, Vlassopoulos, &
Lehmann, 2016).
2. Materials and methods
2.1. Products and participants
The products were six commercial frozen pizzas available in
Swiss supermarkets with similar round shape and size, including
three topping variants: ham-mushroom, tomato-mozzarella, and
vegetable, as labelled on the front of the package. For each variant,
two different brands (A and B) were included, differing in topping
size, distribution and ratio.
Sixty-three participants with a mean age of 39.4 years old
(SD ¼ 12.3) from the Lausanne area took part in the study. Only
participants familiar with the three types of pizza and pasta Bolo-
gnese (used as comparative meal for the expected satiation mea-
sure) were recruited, i.e. with a consumption frequency above ﬁve
times a year. Participants did not report any speciﬁc food in-
tolerances, aversions or dietary restrictions (i.e. vegetarians, pork
aversion). Each participant signed an informed consent form before
participating in the study and received an incentive following the
completion of the study for their time. Since estimates of expected
satiation and portion size were likely to co-vary depending on the
participant's level of hunger, participants were asked to follow their
normal diet the day before the study and not to eat for three hours
before the start of the study. In addition, each participant rated his
level of hunger at the beginning of the session using a 100 mm
visual analogue scale anchored from “not all hungry” to “extremely
hungry”. The session started at 11:00 a.m. The study was assessed
and approved internally as having met the ethical criteria to be
considered as a consumer and sensory study.
2.2. Food photography
To reﬂect the way people typically cut and eat a pizza, i.e. in
wedges, forty-eight photographs of portions of increasing surface
area were prepared with a 10 central angle increment between
successive portions. The largest portion represented an entire pizza
(360 central angle) plus a wedge of a second pizza with a 120
central angle. Each portion was photographed with a high-
resolution digital camera on a white plate with cutlery to provide
a frame of reference for the participants' judgment of portion size
and expected satiation. The plate containing the pizza portion waspresented in a meal context including a ﬁxed portion of fresh let-
tuce, fruit salad, vanilla custard and a glass of water (Fig. 1). The set-
up for the meal photography kept the lighting, viewing angle and
camera focus constant across photos. The following text was
included on each pizza photograph: “Tomato-mozzarella brand A”,
“Tomato-mozzarella brand B”, “Vegetable brand A”, “Vegetable
brand B” and “Ham-mushroom brand A”, “Ham-mushroom brand
B”. In the present paper, these are referred to as “MOZZ-A”, “MOZZ-
B”, “VEG-A”, “VEG-B”, “HAM-A”, “HAM-B”. Pizzas were labelled
with brand “A” and “B” to avoid any potential impact of the brand
naming on the test results.
2.3. Measures
2.3.1. Portion size
The method of adjustment Brunstrom and Shakeshaft (2009)
was used to quantify self-selected portion size for each pizza. A
computer task using E-Prime 2.0 software (Schneider, Eschman, &
Zuccolotto, 2012) was developed to display the pizza plate at the
center of a PC monitor screen. Participants were asked to answer to
the following question: “Imagine your lunch today includes fresh
lettuce, pizza, fruit salad and vanilla custard. In this context, select
the pizza portion that would satisfy you.” Participants were
instructed to adjust the portion of the pizza by pressing the “up” or
“down” arrows on the keyboard to display a photograph of a larger
or smaller pizza portion photograph until the satisfying portionwas
displayed. Each participant performed the task for all six pizza
variants in a sequential monadic design, with variant order
balanced across participants. The output measure for each pizza
was the surface of the selected portion expressed in percentage of
the entire pizza surface, e.g. 100% being the entire pizza.
2.3.2. Expected satiation
The “Matched Fullness” task developed by Brunstrom and
Rogers (2009) was used to measure expected satiation for each
pizza. This measure consisted of increasing and decreasing portion
size of a familiar meal (pasta Bolognese) presented on the right side
of the screen (called the “comparison” meal) until it matched the
fullness they expected from the entire pizza. The amount of pasta
selected as the comparison meal (in kcal) gives a measure of the
expected satiation of the entire pizza and allows comparisons
across the pizza variants. Forty-eight portions of pasta Bolognese
with an incremental increase of 25 kcal were prepared and pho-
tographed similarly to the pizza photograph procedure but without
the additional meal items. A photograph of a whole pizza without
the additional meal items was also taken and used for this task. The
expected satiation measure was performed for each pizza, in a
presentation order balanced across participants. The output mea-
sure for each pizzawas the number of kcal contained in the familiar
meal at the “point of subjective equality”.
2.3.3. Perceived healthfulness and expected tastiness
The photographs of each entire pizza presented without the
other meal items were used for the assessment of expected tasti-
ness and perceived healthfulness. Assessment were conducted on a
100 mm VAS displayed below each whole pizza photograph. The
VAS was anchored at the left and right extremities with “Not at all”
and “Extremely”, respectively. Participants ﬁrst rated the expected
tastiness of the 6 variants, and then proceeded to rate their
perceived healthfulness. For both measures, the order of the pizzas
was balanced across participants.
2.4. Data analysis
Before measuring the associations between self-selected
Fig. 1. Photographs of tomato-mozzarella pizzas in a meal context for brands A (left) and B (right).
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expected tastiness, we measured the inﬂuence of pizza toppings
and brands on self-selected portion size by a 3 (pizza topping) x 2
(pizza brand) within participant analysis of variance with two-way
interactions. Pizza topping and brand were set as ﬁxed variables.
Participants' gender was added as a covariate in the model as men
selected larger portions than women on average across pizzas ac-
cording to Student's t- Test (t(1,62) ¼ 11.68, p < 0.001). The re-
lationships between portion size (averaged across pizzas) and
participants' age and hunger level were not signiﬁcant according to
Pearson's values (r¼0.11, n¼ 63, p¼ 0.39 and r¼ 0.22, n¼ 63 and
p ¼ 0.08, respectively) so these factors were not included in the
model. The analysis of variance revealed no signiﬁcant differences
between pizzas toppings (F(2,371) ¼ 0.72, p ¼ 0.46, 〈eta〉p2 ¼ 0.06)
and between pizza brands (F(1,371) ¼ 0.34, p ¼ 0.55, 〈eta〉
p2 ¼ 0.02). Interactions between both factors were not signiﬁcant
(F(2,371) ¼ 0.20, p ¼ 0.81, 〈eta〉p2 ¼ 0.03). For the next statistical
analyses, individual data were collapsed across toppings and
brands as these factors did not signiﬁcantly affect self-selected
portion size. Data of six participants who systematically selected
the entire pizza as their ideal portion were not considered in the
next data analyses as expected satiation, expected tastiness and
perceived healthiness did not inﬂuence their pizza portion size
selection.
To conﬁrm our working hypothesis, we performed two-step
hierarchical multiple regression analyses and measured, as step 1,
the respective contributions of expected satiation, perceived
healthfulness, expected tastiness and gender (independent vari-
ables) to portion size (dependent variable). We tested if we could
improve the model by considering the presence of sub-groups of
participants with diverging portion size patterns across pizzas.
Indeed, in research measuring the impact of foods on emotions or
liking, the presence of sub-groups of participants with different
patterns of responses is commonly observed (Moskowitz, Jacobs, &
Lazar, 1985; Piqueras-Fiszman & Jaeger, 2016). Participants' seg-
mentation can be explained by differences across individuals, for
instance inwhich food sensory attributes drive liking (Moskowitz&
krieger, 1995). To investigate the presence of sub-groups, an
exploratory analysis was performed by k-means clustering on
portion size z-scores (i.e. normalization by participant in order to
cluster participants according to their relative selection patterns
and not to their average portion size) as described by Wajrock,
Antille, Rytz, Pineau, and Hager (2008). This result of this analysis
is illustrated using a principal component map (Joliffe, 2002). Then
as step 2 of the hierarchical multiple regression we included the
sub-groups of participants revealed by the k-means clustering as a
variable (i.e. each participant being assigned to one of the identiﬁed
sub-groups) to assess if it would enhance the predictiveness of the
model. To test whether expected satiation, perceived healthfulness
and expected tastiness could differently impact portion size ac-
cording to the sub-groups of participants, interactions betweenportion size and expected satiation, perceived healthfulness and
expected tastiness were added in the model.
The conﬁdence level was set to 5% for all statistical analysis and
data treatment was performed using IBM® SPSS® software version
21 (IBM Corporation, Armonk, NY, USA).
3. Results
The ﬁrst step of the hierarchical multiple regression predicted
10% of portion size variance (R2 ¼ 0.10, F(4,337) ¼ 9.88, p < 0.001).
Gender (b¼ 0.27, p< 0.001), expected tastiness (b¼ 0.22, p< 0.001)
and perceived healthfulness b (b ¼ 0.18, p < 0.001) variables
signiﬁcantly accounted for portion size variability. Expected satia-
tion did not signiﬁcantly contribute to the model (b ¼ 0.007,
p ¼ 0.89).
Two sub-groups of participants, named VEG-group and HAM-
group, with different patterns of portion size selection were high-
lighted according to the K-mean clustering exploratory approach
and are represented in Fig. 2. The position of each dot represents a
participant according to his portion size selection, i.e. the closer a
participant is to a pizza, the larger the pizza portion size is for that
participant. In Fig. 3, we observe that the VEG-group (44% partici-
pants) selected larger portions of the two vegetable pizzas (portion
size above 70% for VEG-A and VEG-B) and smaller of the two ham
pizzas (portion size below 65% for HAM-A and HAM-B). The HAM-
group (56% participants) selected larger portions of the two ham
pizzas (portion size above 75% for HAM-A and HAM-B) and smaller
for MOZZ-B (portion size ¼ 60%). Gender distribution did not
signiﬁcantly differ between both groups (p ¼ 0.10, using Fisher's
exact test). Averaged hunger level for HAM group (mean ¼ 61.7,
SEM ± 3.2) and for VEG-group (mean ¼ 56.2, SEM ± 3.6) did not
signiﬁcantly differ according to Student's t-Test (t(1,56) ¼ 1.33,
p ¼ 0.25).
The explanatory power of the regression model was signiﬁ-
cantly improved in step 2 (R2 ¼ 0.16, F(8,333) ¼ 8.10, p < 0.001) by
adding interaction terms between sub-group and expected satia-
tion variables (b ¼ 0.61, p < 0.001) and between sub-group and
perceived healthfulness variables (b ¼ 0.41, p ¼ 0.02). Interaction
term between sub-group and expected tastiness variables narrowly
missed signiﬁcance (b ¼ 0.31, p ¼ 0.09). Portion size variance was
not explained by sub-group variable (b ¼ 0.07, p ¼ 0.81).
Multiple regression analyses were performed separately on the
data of HAM-group participants and VEG-group participants to
further explore the association between portion size (dependent
variable) and expected satiation, expected tastiness and perceived
healthfulness (independent variables) for both groups. For the VEG-
group, the model explained 19% of the portion size variance
(R2 ¼ 0.19, F(3,146) ¼ 11.46, p < 0.001). Portion size was predicted
by perceived healthfulness variable (b ¼ 0.31, p < 0.001) and to a
lower extent by expected satiation variable (b¼ -0.19, p¼ 0.01), but
not by expected tastiness variable (b¼ 0.09, p¼ 0.26). For the HAM-
Fig. 3. Mean of self-selected pizza portion size (with 95% conﬁdence interval of the
mean) for each sub-group. Within a sub-group of participants, pizzas with the same
letter are not signiﬁcantly different.
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(R2 ¼ 0.14, F(3,188) ¼ 10.32, p < 0.001), with portion size being
predicted by expected tastiness (b ¼ 0.28, p < 0.001) and to a lower
extend by expected satiation (b ¼ 0.18, p < 0.001). Portion size
variance was not explained by perceived healthfulness variable
(b ¼ 0.06, p ¼ 0.81).
Correlations between the VEG group and HAM group were
highly signiﬁcant for expected satiation (r ¼ 0.89, n ¼ 6, p < 0.001)
(Fig. 4a), but not for perceived healthfulness (r ¼ 0.63, n ¼ 6,
p ¼ 0.18) and expected tastiness (r ¼ 0.24, n ¼ 6, p ¼ 0.64)
(Fig. 4bec).
4. Discussion
The present study demonstrated that, when considering the 57
participants who selected different portion size according to the
pizzas, portion size variance was mainly predicted by expected
tastiness and to a lesser extent by perceived healthfulness, but not
by expected satiation within a range of commercial frozen pizzas
using a photograph-based computer task. However, 6 out of 63
participants selected an entire pizza, irrespective of the pizza's vi-
sual characteristics and related perceptions or expectations about
it. This ﬁnding may suggest that 9.5% of the study participants were
probably sensitive to the “unit bias” often encountered in food and
which leads individuals to consider a food presented in a single unit
as an appropriate amount to be consumed for an eating occasion,
independent of other food attributes (Geier, Rozin, & Doros, 2006).
However, for majority of participants, i.e. 90.5%, expected tastiness
and perceived healthfulness predicted 10% of variance in portion
size. These results are in line with recent ﬁndings obtained in pizza
among a large sample of Irish and Danish participants and using a
similar food photograph approach (Spence et al., 2016). Indeed,
results showed that food-related characteristics (“expected ﬁll-
ingness”, “expected healthfulness”, “liking”) predicted 12.3% of
variance in portion size for pizza and pizza hedonic value (i.e.
liking) was the strongest contributor to pizza portion size in par-
ticipants from both countries.
We also observed two sub-groups of participants for whomFig. 2. Principal Component Analysis (variable ¼ portion size participant z-score,
observation ¼ pizzas). Participants are represented by grey dots for VEG-group and
black dots for HAM-group.portion size selection was differently impacted by expected satia-
tion, perceived healthfulness and expected tastiness. Consistent
with previous studies performed with foods from diverse product
categories (Brunstrom & Rogers, 2009; Brunstrom & Shakeshaft,
2009), this study shows that expected satiation also drives
portion size selection of foods belonging to a same product cate-
gory, i.e. pizza. In addition, participants from both groups showed
an agreement in ranking pizzas for expected satiation. This result
suggests that there is a shared expectation about the satiation level
each topping would deliver, which is likely acquired during previ-
ous food experience (Brunstrom, 2007; Higgs, 2008). Variation in
expected satiation between pizzas was on average 25% kcal; i.e. the
difference between pizzas delivering the lowest and the highest
expected satiation combining all data. Compared to previous
literature data on the topic, this variation is small. For instance, in
Brunstrom, Collingwood, & Rogers, 2010, expected satiation
differed by 140% between the food with the lowest (fries) and the
highest (chow mein) expected satiation levels. The limited varia-
tion in expected satiation observed in the present study may not
only be due to the use of a single product category but also because
pizza may be perceived as a highly satiating product regardless of
the type of toppings, as pizza is often eaten as a complete meal
(Combet, Jarlot, Aidoo, & Lean, 2014).
We found that portion size for pizza was more strongly inﬂu-
enced by expected tastiness for 56% of participants (HAM-group)
and by perceived healthfulness for 44% of participants (VEG-group)
than by expected satiation. Participants from the VEG-group
selected larger portions of the two vegetable pizzas and smaller
portions of the two ham pizzas. They choose larger portions of
pizzas expected to be the healthiest, as well as the least satiating.
The negative association between portion size and expected sati-
ation has been widely reported in literature (Brunstrom & Rogers,
2009; Brunstrom & Shakeshaft, 2009). The opposition between
expectation for satiation and perceived healthfulness is aligned
with previous reports explaining that people expect healthier foods
to be lower in calorie content and hence can be eaten in larger
amounts (Wansink & Chandon, 2006). Then, it might be assumed
that participants from VEG-group were more concerned by pizza
calorie content and potentially more prone to dieting behavior,
explaining why they selected larger portion size for pizza perceived
healthier, compared to participants from HAM-group who selected
larger portion size for pizza expected tastier. This assumption could
have been explored through measures of restrained eating
behavior, for a review of existing instruments see Lowe and Thomas
Fig. 4. Scatter-plots representing means of expected satiation (a), perceived healthfulness (b) and expected tastiness (c) for VEG-group vs. HAM-group.
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sual features of the toppings associated with beliefs related to
health, e.g. vegetables are healthier than ham.
Participants from the HAM-group selected larger portions of the
two ham pizzas. Pizza portion size was mainly driven by expected
tastiness, i.e. pizza expected to be tastier were chosen in larger por-
tions. However, previous studies showed that palatability or liking is
aweaker predictorof portion size selection than is expected satiation
(Brogden & Almiron-Roig, 2010; Brunstrom & Rogers, 2009). The
present result was likely because pizza consumption is mainly
associated with a desirable eating experience (Rizzato et al., 2016),
which is consistentwith results of a recent study using a similar food
photograph-based approach showing that expected liking was a
better predictor of portion size than expected satiation for pizza but
also for other foods that may be less desirable (e.g. vegetable soup)
(Spence et al., 2016). For the HAM group, portion size was larger for
pizza delivering higher expected satiation because tastier pizzas
were also evaluated to be higher in expected satiation.
A recent review of literature addressing challenges and oppor-
tunities for social marketing programs promoting healthy eating
reminds us that taste is one of the dominant food choice motives
and consumers are unlikely to give up taste for health (Pettigrew,
2016). However, in the present study, some individuals seemed to
value healthfulness more than tastiness in their food choices. This
result is consistent with a recent study showing that, even if less
impactful than perceived tastiness, perceived healthfulness signif-
icantly inﬂuenced participants' snack choice in a buffet consump-
tion context (Medic et al., 2016).
In the present study, as in previous research using food photo-
graphs to explore the cognitive drivers of portion size selection, the
names of the tested foods were inserted into the images to better
inform participants about the nature of the food (Brunstrom et al.,
2010; Forde, Alexander, Thaler, Martin, & Brunstrom, 2011).
Consequently, the impact of food visual cues may have been
confounded with the effect of the food name and associated se-
mantic knowledge. However, we observed signiﬁcant differences in
portion size selection even between two pizzas with the same label
(e.g. pizza tomato mozzarella), demonstrating the association be-
tween food's visual cues and portion size selection, beyond the
potential effect of food naming.5. Limitations and future directions
Post-hoc data analysis made it possible to identify sub-groups of
participants diverging in the cognitive drivers inﬂuencing theirportion size selection. However, this approach presents limitations
such as increasing the probability of false positives (Benton, 2014).
Future research exploring cognitive drivers of portion size may
favor a priori hypothesis-driven clustering (e.g. based on differ-
ences in BMI or dietary restraint across participants) rather than a
posteriori clustering.
Our studyandothers using foodphotographs showed that people
select differentportion sizes for different foods. A studyperformed in
a lab environment has shown that estimated portion size for pasta
sauce predicted actual self-selected portion and food intake
(Wilkinson et al., 2012). A recent research also demonstrated that
estimated portion size to reach satiation for eight familiar foods was
not signiﬁcantly different from actual intake (Nguyen, Chern, & Tan,
2016). Further validation of the predictive power of this measure is
still needed through research measuring intake in a naturalistic
environment. For instance, it has recently been shown that over-
weight participants selected less healthy snacks in a buffet context
compared to normal weight participants (Medic et al., 2016). Ac-
cording to the authors, this difference was not predicted by a food-
choice decision model combining neural activity and food photo-
graph choice task outcomes probably because overweight partici-
pants exhibited an impulsivity trait in the presence of physical foods.
Our study supports the role of sensory drivers, e.g. visual cues,
on portion size selection for foods within a single product category.
Such ﬁndings and others related to sensory cues perceived in
mouth (Forde, van Kuijk, Thaler, De Graaf, & Martin, 2013) are po-
tential levers in food formulation to reduce intake while main-
taining consumer satisfaction, as recently reviewed by McCrickerd
and Forde (2016). Indeed, adapting the sensory properties of food to
design products that satisfy the consumers with less calories and
designing on-pack communications according to consumer moti-
vations is a key approach to gently trigger behavioral changes to-
wards healthier foods.
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